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(57) ABSTRACT

A device and method for bonding objects to be bonded each
having a metal bonding portion on a substrate, comprising
cleaning means for exposing the metal bonding portions to
a plasma having an energy enough to etch the surfaces of the
metal bonding portions at a depth of 1.6 nm or more over the
entire surfaces of the metal bonding portions under a
reduced pressure and bonding means for bonding the metal
bonding portions of the objects taken out of the cleaning
means in an atmospheric air. By using a specific scheme,
metal bonding portions after the plasma cleaning can be
bonded in the atmospheric air, thereby significantly simpli-
fying the bonding process and the whole device and lower-
ing the cost.
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BONDING DEVICE AND METHOD

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to bonding device and
method for bonding objects to be bonded each having a
metal bonding portion on a surface of a substrate, such as
chips, wafers or various circuit boards.

BACKGROUND ART OF THE INVENTION

[0002] As a method for bonding objects to be bonded each
having a bonding portion, Japanese Patent 2,791,429 dis-
closes a bonding method of silicon wafers for, at the time of
bonding the bonding surfaces of the silicon wafers to each
other, sputter etching the bonding surfaces by irradiating an
inert gas ion beam or an inert gas high-speed atomic beam
to the surfaces at a vacuum condition with a room tempera-
ture prior to the bonding. In this bonding method, oxides or
organic substances on the bonding surfaces of the silicon
wafers are removed by the above-described beam and the
surfaces are formed by atoms activated by the beam, and
both surfaces are bonded to each other by a strong bonding
force between the activated atoms. Therefore, in this
method, basically heating for bonding is not necessary, and
it is possible to bond the objects at a room temperature or a
low temperature close to the room temperature merely by
bringing the activated surfaces into contact with each other.

[0003] In this bonding method, however, the bonding of
the etched bonding surfaces must be carried out in a vacuum
at a condition where the surface activated state is main-
tained. Therefore, the predetermined vacuum condition must
be maintained from the surface cleaning by the above-
described beam to the bonding, and in particular, because at
least a part of the mechanism for bonding must be con-
structed in a chamber capable of maintaining the predeter-
mined vacuum degree, a large-scale sealing mechanism is
required, and the whole of the device becomes large and
expensive. Further, if it is tried to carry out the surface
cleaning and the bonding at different places for separating
the surface cleaning process by the above-described beam
and the bonding process from each other, it is required to
maintain a predetermined vacuum condition between both
places and mean for conveying the objects from a cleaning
place to a bonding place while maintaining the predeter-
mined vacuum condition is required, and therefore, it
becomes difficult to design a practical device and the whole
of the device becomes large.

DISCLOSURE OF THE INVENTION

[0004] Accordingly, paying attention to the above-de-
scribed problems, as the result of investigation and exami-
nation for particularly simplifying the bonding step while
ensuring the merit in the bonding due to the above-described
surface activation of the bonding surface as much as pos-
sible, the inventors of the present invention have succeeded
to bond the metal bonding portions of objects to be bonded
in an atmospheric air.

[0005] Namely, an object of the present invention is to
clean metal bonding portions of objects to be bonded by a
specific scheme as well as to enable to carry out the bonding
after the cleaning in an atmospheric air, and in particular, to
simplify the bonding device and the whole device and lower
the cost.
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[0006] To accomplish the above object, a bonding device
according to the present invention for bonding objects to be
bonded each having a metal bonding portion on a surface of
a substrate, comprises cleaning means for exposing the
surfaces of the metal bonding portions to a plasma having an
energy enough to etch the surfaces of the metal bonding
portions at a depth of 1.6 nm or more over the entire surfaces
of the metal bonding portions under a reduced pressure, and
bonding means for bonding the metal bonding portions of
the objects taken out of the cleaning means to each other in
an atmospheric air.

[0007] In this bonding device, it is preferred that the
above-described bonding means has heating means and
bonds the metal bonding portions to each other at a tem-
perature of 180° C. or lower, preferably, a temperature lower
than 150° C. Although it is preferred that the objects can be
bonded at a room temperature without heating, because it is
considered that, by heating, the atomic movement for bond-
ing is more activated and the bonding surfaces are more
softened to close fine gaps between the bonding surfaces
more easily, there is a case where using such a heating
together is preferred. However, even if the heating is carried
out, because it may be carried out at a temperature of 180°
C. or lower, preferably, a temperature lower than 150° C.,
the load to the device may be small. Namely, although a
typical conventional example for bonding at a low tempera-
ture is to use a solder and it has been necessary to heat the
solder at a temperature of 183° C., which is the melting point
of' the solder, or higher, in the present invention, the bonding
at a temperature of such a temperature or lower (180° C. or
lower, preferably, lower than 150° C.) becomes possible.
Especially, in a case where the metal bonding portion is
gold, bonding at 100° C. or lower becomes possible.

[0008] Further, in this bonding device, it is preferred that
the surfaces of the metal bonding portions to be bonded to
each other are both formed from gold. The whole of elec-
trodes, etc. forming the metal bonding portions may be
formed from gold, and only the surfaces thereof may be
formed from gold. The formation for forming the surfaces
from gold is not particularly restricted, and the formation of
gold plating or a thin gold film formed by sputtering or
deposition may be employed.

[0009] In the bonding device according to the present
invention, the cleaning means comprises means for irradi-
ating a plasma at an energy capable of etching the surfaces
of the metal bonding portions at a depth of 1.6 nm or more
over the entire surfaces of the metal bonding portions to be
bonded. By plasma irradiation at such an etching energy or
more, it becomes possible to conduct a surface etching
necessary to bond the metal bonding portions to each other
in an atmospheric air. Further, as the cleaning means, an
argon plasma irradiating means is suitable, which can easily
control the plasma intensity and which can a desired plasma
efficiently at a required place.

[0010] The above-described bonding means is preferably
means for making a dispersion of a gap between the metal
bonding portions at the time of bonding to be 4 pm or less
at maximum. If the dispersion of the gap is 4 um or less, it
becomes possible to suppress the gap within a dispersion of
gap required for bonding the metal bonding portions to each
other, by an appropriate bonding load.

[0011] Further, the above-described bonding means is
preferably means for making a surface roughness of at least
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one metal bonding portion after bonding to be 10 nm or less
by applying an appropriate bonding load. If the surface
roughness is made at 10 nm or less, it becomes to bond at
a low temperature, for example, at a room temperature.
Further, in order to achieve such a surface roughness after
bonding of 10 nm or less, it is necessary to prevent an
excessive surface roughness before bonding, and for
example, it is preferred that the surface roughness of at least
one metal bonding portion before bonding is made to be 100
nm or less.

[0012] The bonding load is preferably suppressed at a
practically adequate value or less, for example, in order to
prevent bumps from being broken or from being deformed
excessively, particularly, in order to prevent a bad affection
from being given to a circuit under bumps. Namely, the
above-described bonding means is preferably means for
bonding the metal bonding portions to each other at a
bonding load of 300 MPa or less. Because generally a stress,
which a semiconductor circuit can bear, is considered to be
300 MPa, by making the bonding load at 300 MPa or less,
the above-described inconvenience can be avoided.

[0013] Further, in order to achieve a good close contact
between surfaces when the metal bonding portions are
bonded to each other, it is preferred that the surface hardness
of the metal bonding portions is set at 100 or less in Vickers
hardness Hv. For example, the surface hardness Hv is
preferably in a range of 30 to 70 (for example, an average
Hv: 50). By seting the surface at such a low hardness, the
surfaces of the metal bonding portions can be appropriately
deformed and a closer contact becomes possible.

[0014] Further, in the bonding device according to the
present invention, in order to achieve a desired electric
connection over the entire area of a predetermined region of
the bonding surfaces, a good parallelism at the time of
bonding becomes an important factor. Therefore, the above-
described bonding means is preferably means capable of
adjusting the parallelism in a bonding area between sub-
strates at the time of bonding the metal bonding portions to
each other at 4 um or less (4 um or less as range).

[0015] Further, in a case where at least one metal bonding
portion is formed by a plurality of bumps, it is preferred that
a dispersion of bump height is 4 pm or less (4 um or less as
range). By this, as aforementioned, it becomes possible to
suppress the dispersion of the gap between the metal bond-
ing portions at the time of bonding at 4 pm or less.

[0016] A bonding method according to the present inven-
tion for bonding objects to be bonded each having a metal
bonding portion on a surface of a substrate, comprises the
steps of exposing the surfaces of the metal bonding portions
to a plasma to etch the surfaces of the metal bonding
portions at a depth of 1.6 nm or more over the entire surfaces
of the metal bonding portions under a reduced pressure, and
bonding the metal bonding portions after the plasma treat-
ment to each other in an atmospheric air.

[0017] Also in this bonding method, it is preferred that the
metal bonding portions are bonded to each other at a
temperature of 180° C. or lower, preferably at a temperature
lower than 150° C. Further, a formation can be employed
wherein the metal bonding portions, the surfaces of which
are both formed from gold, are bonded to each other.

[0018] Further, in the above-described plasma treatment,
in order to carry out a surface etching necessary for bonding
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the metal bonding portions to each other in an atmospheric
air, the entire surface of the metal bonding portions to be
bonded is etched at a depth of 1.6 nm or more. As the plasma
treatment, an argon plasma treatment can be employed.

[0019] Further, it is preferred that the dispersion of the gap
between the metal bonding portions at the time of bonding
is made to be 4 pum or less at maximum. Further, it is
preferred that the surface roughness of at least one metal
bonding portion after bonding is made to be 10 nm or less.
It is preferred that the surface roughness of at least one metal
bonding portion before bonding is made to be 100 nm or
less.

[0020] With respect to bonding load, it is preferred that the
metal bonding portions are bonded to each other at a
bonding load of 300 MPa or less. Further, it is preferred that
the surface hardness of the metal bonding portions is set at
100 or less in Vickers hardness Hv.

[0021] Further, it is preferred that the parallelism in a
bonding area between substrates at the time of bonding the
metal bonding portions to each other is adjusted at 4 um or
less. In a case where at least one metal bonding portion is
formed by a plurality of bumps, it is preferred that the
dispersion of bump height is 4 um or less.

[0022] The present invention also provides a bonded mate-
rial made by the above-described bonding method. Namely,
a bonded material according to the present invention is a
bonded material of objects bonded to each other each having
a metal bonding portion on a surface of a substrate, made by
exposing the surfaces of the metal bonding portions to a
plasma to etch the surfaces of the metal bonding portions at
a depth of 1.6 nm or more over the entire surfaces of the
metal bonding portions under a reduced pressure, and after
the plasma treatment, bonding the metal bonding portions to
each other in an atmospheric air.

[0023] In the above-described bonded material, a structure
can be employed wherein at least one object comprises a
semiconductor.

[0024] In the above-described bonding device and method
according to the present invention, after the surfaces of the
metal bonding portions of the objects to be bonded are
treated by a plasma so as to be etched at a depth of 1.6 nm
or more, the metal bonding portions cleaned and activated
by the etching are bonded to each other in an atmospheric
air. Because bonding in an atmospheric air becomes pos-
sible, a large-scale vacuum device for bonding and a sealing
device therefor are not required, the whole of process and
the whole of device are simplified and the cost can be
reduced.

[0025] This bonding in an atmospheric air can be achieved
in practice, as described later in examples, by suppressing
the dispersion of the gap between the metal bonding portions
at the time of bonding at a small value in addition to the
surface cleaning and activation due to the plasma treatment
at a predetermined etching energy or more, and further,
setting the surface roughness, surface hardness, bonding
load, etc. of the metal bonding portions, and by combining
these conditions.

[0026] Thus, in the bonding device and method according
to the present invention, by appropriately setting various
conditions and employing the specific scheme according to
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the present invention as described later, it becomes possible
to bond the metal bonding portions after plasma cleaning to
each other in an atmospheric air, thereby significantly sim-
plifying the bonding process and the whole device and
lowering the cost.

BRIEF EXPLANATION OF THE DRAWINGS

[0027] FIG. 1 is a schematic diagram of a bonding device
according to an embodiment of the present invention.

[0028] FIG. 2 shows a substrate used in an examination as
an object to be bonded, FIG. 2A is a plan view of the whole
of the substrate, FIG. 2B is an enlarged plan view of a
central portion thereof in which many bumps are formed,
and FIG. 2C is an enlarged partial perspective view of the
disposed bumps.

[0029] FIG. 3 is a plan view of a chip used in the
examination as another object to be bonded.

[0030] FIG. 4 is a graph showing a relationship between
plasma irradiating time and connected resistance.

[0031] FIG. 5 is a graph showing a relationship between
plasma irradiating time and die shear strength.

[0032] FIG. 6 is a graph showing a relationship between
bonding load and connected resistance per one bump.

[0033] FIG. 7 is a graph showing a relationship between
bonding load and die shear strength per one bump.

EXPLANATION OF SYMBOLS
[0034] 1: bonding device

[0035] 2, 3: metal bonding portion
[0036] 4, 5: object to be bonded
[0037] 6: vacuum pump

[0038] 7: chamber

[0039] 8: plasma irradiating means
[0040] 9: plasma

[0041] 10: Ar gas supplying pump
[0042] 11: bonding place

[0043] 12: waiting place

[0044] 13: turning mechanism

[0045] 14: head portion of turning mechanism
[0046] 15: bonding head

[0047] 16: bonding tool

[0048] 17: bonding stage

[0049] 18: heater as heating means
[0050] 19: cylinder mechanism

[0051] 20: vertical guide

[0052] 21: lifting device

[0053] 22: position adjusting table
[0054] 23: two-sight recognition means
[0055] 25: bonded material
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[0056] 31: substrate as object to be bonded
[0057] 32: bump
[0058] 33: chip as object to be bonded

THE BEST MODE FOR CARRYING OUT THE
INVENTION

[0059] Hereinafter, desirable embodiments of the present
invention will be explained referring to figures.

[0060] FIG. 1 shows a bonding device 1 according to an
embodiment of the present invention. An object to be
bonded 4 or 5, which has a metal bonding portion 2 or 3 on
a surface of a substrate, first, is cleaned in a chamber 7 which
is reduced in pressure by a vacuum pump 6 at a predeter-
mined vacuum degree, and the surfaces of metal bonding
portions 2 and 3 are cleaned by etching by plasma 9
irradiated from plasma irradiating means 8 as cleaning
means (cleaning process). In this cleaning process, metal
bonding portions 2 and 3 are plasma treated at an energy
capable of etching the entire surfaces of the metal bonding
portions 2 and 3 at a depth of 1.6 nm or more. In this
embodiment, Ar gas is supplied into chamber 7 by a pump
10, and the plasma treatment is carried out under a condition
of Ar gas atmosphere and under a condition of a reduced
pressure. Cleaned objects 4 and 5 are taken out of chamber
7, and metal bonding portions 2 and 3 are bonded to each
other in an atmospheric air at a bonding process (bonding
place 11).

[0061] Where, the above-described object to be bonded 4
comprises a chip for example, and the object to be bonded
5 comprises a substrate for example. Where, the “chip”
means all objects with forms being bonded to the substrate
regardless the kind and size, such as an IC chip, a semicon-
ductor chip, an optoelectronic element, a surface mounting
part, a water a TCP and an FPC. Further, the “substrate”
means all objects with forms being bonded to the chip
regardless the kind and size, such as a resin substrate, a glass
substrate, a film substrate, a chip and a wafer. As a typical
embodiment in the present invention, an embodiment can be
raised wherein at least one object among the objects to be
bonded is a semiconductor.

[0062] In bonding place 11, for example, the above-
described cleaned objects 4 and 5 are set at a predetermined
waiting place 12. The object 4 is held by suction, etc. by a
head portion 14 of a turning mechanism 13 not to touch the
cleaned surface, and after turned over vertically, it is held by
a bonding tool 16 provided at a lower portion of a bonding
head 15, by suction, etc., in a form in which the metal
bonding portion 2 is directed downward. The object 5 is
held, for example, on a bonding stage 17, by suction, etc., in
a form in which the metal bonding portion 3 is directed
upward. In this embodiment, a heater 18 is incorporated into
bonding tool 16 as heating means, and, in an atmospheric air,
bonding at a room temperature and bonding under a heated
condition may be both possible.

[0063] A cylinder mechanism 19 is incorporated into
bonding head 15, and a predetermined bonding load can be
applied to object 4 held by bonding tool 16 and can be
controlled, in a downward direction, namely, in a direction
toward object 5. In this embodiment, bonding head 15 can
be moved and positioned in a vertical direction (Z direction)
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by a lifting device 21 (for example, a device having a
servomotor and a ball screw mechanism) along a vertical
guide 20.

[0064] Further, in this embodiment, bonding stage 17
holding the above-described object 5 can align a position
and adjust a parallelism relative to object 4 by controlling a
horizontal position in X and Y directions, a rotational
position in a 6 direction and inclination angles around X and
Y axes carried out by a position adjusting table 22 provided
at a lower position, and the gap between the metal bonding
portions at the time of bonding can be suppressed small.
These alignment of the relative position and adjustment of
the parallelism are carried out by reading recognition marks
(not shown) provided to objects 4 and 5 or the holding
means thereof by a recognition means inserted into a posi-
tion between the objects 4 and 5 at a condition capable of
progressing and retreating, for example, a two-sight recog-
nition means 23 (for example, a two-sight camera), and
performing a necessary correction in position and angle
based on the read information. The two-sight recognition
means 23 can be adjusted in position in X and Y directions,
and as the case may be, in Z direction. Although these
alignment of the relative position and adjustment of the
parallelism are carried out mainly at the side of bonding
stage 17 in this embodiment, it is possible to carry out these
at the side of bonding head 15 or bonding tool 16, and
further, at both sides. In a case carried out at both sides,
according to requirements, it can be also done that, as to the
side of bonding head 15, not only the lifting control but also
a rotation control and/or a parallelism control may be carried
out, and also as to the side of bonding stage 17, a rotation
control, a parallelism control and a lifting control can be
carried out, and these control forms may be arbitrarily
combined as needed.

[0065] Further, in this embodiment, bonded material 25
formed by bonding objects 4 and 5 is also put once on
waiting place 12, and therefrom, it is conveyed to a next
process or a place for stock by an appropriate conveying
mechanism (not shown).

EXAMPLES

[0066] Using the above-described bonding device, the
following examination was carried out with respect to the
bonding method according to the present invention. A sub-
strate 31 used in the examination as object to be bonded 5
is shown in FIG. 2, FIG. 2A shows a plan view of the whole
of the substrate 31, FIG. 2B shows an enlarged plan view of
a central portion thereof in which many bumps are formed,
and FIG. 2C shows an enlarged partial perspective view of
disposed bumps 32, respectively. A chip 33 used in the
examination as object to be bonded 4 is shown in FIG. 3,
and in it, a predetermined circuit pattern is formed corre-
sponding the group of bumps 32 in the central portion of the
substrate.
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[0067] The specifications of these substrate and chip are as
follows.

[0068] Substrate: Si substrate, Au plated bumps are
formed on an Al pad.

[0069] Size of substrate: 20 mmx20 mm

[0070] Bump forming region: within 4 mmx4 mm in a
central portion

[0071] Size of bump: 40 pmx40 pmxheight 30 pm (80 pm
pitch)

[0072] Number of bumps: 400 (refer to FIG. 2B as to
bump pattern)

[0073] Chip: Au sputter film (Au—0.3 pm/Cr—0.1 pm)
on a Si thermally oxidized substrate

[0074] Size: 6 mmx6 mm (pattern forming region: within
4 mmx4 mm in a central portion)

[0075] L-type electrode pattern is formed for three termi-
nal determination. (As the value of resistance described
later, the connected resistance at a corner of the L-type
pattern is measured, each side; 10x4)

[0076] Under the following conditions, as to the effect for
activating the surfaces of the metal bonding portions due to
a short-time plasma irradiation, comparison examinations of
bonding in a nitrogen atmosphere and bonding in an atmo-
spheric air after surface cleaning by the plasma treatment
were carried out, and the influence due to the plasma
irradiating time in the bonding in each atmosphere was
determined as an average connected resistance and a die
shear strength. As to bonding in an atmospheric air, bonding
after leaving for 3.5 minutes and bonding after leaving for
15 minutes after plasma treatment were examined. The
results are shown in Tables 1 and 2 and FIGS. 4 and 5.

Conditions of examination for determining the effect due to
plasma treatment:

[0077] Plasma deposition electric power: 100 W

[0078] Ar flow rate: 30 cc/m

[0079] Vacuum degree at the time of introducing Ar: 10 Pa
[0080] Vacuum degree at the time of irradiation: 7.5 Pa or
less

[0081] Bonding load: 20 kgf (50 gf/bump, 300 MPa)
[0082] Time for applying load: 1 second

[0083] Bonding temperature: 100° C. (373 K)

[0084] Maximum value of dispersion of height of elec-

trodes in chip: 2.3 um

[0085] Maximum value of dispersion of height of bumps
in Si substrate: 3.0 um

TABLE 1

Variation of die shear strength due to irradiating time (gf)

Electric Amount of Irradiating time (sec.)
power (W) Atmosphere  exposure (min.) 0 3 5 10 30 60
100 atmospheric 3.5 258 — 7058 6595 6008 7406
air
100 nitrogen 3.5 252 1035 5587 5896 6507 5427
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TABLE 1-continued
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Variation of die shear strength due to irradiating time (gf)

Electric Amount of Irradiating time (sec.)
power (W) Atmosphere  exposure (min.) 0 3 5 10 30 60
100 nitrogen 15 —  — — 5510 6373 —
100 atmospheric 15 — — — 5730 5212 —
air
50 atmospheric 35 241 3550 5855 — — —
air
[0086] [0094] Leaving (exposure) time after irradiation: 3.5 min-
utes
TABLE 2 [0095] Other conditions are the same as those aforemen-
Variation of resistance due to irradiating time (mQ) tioned.
. Amount TABLE 3
Electric of
power exposure Irradiating time (sec.) Variation of resistance due to load (mg€2)
(W)  Atmosphere (min.) 5 10 30 60 Load (kef)
100 zit;nosphenc 3.5 7.28 6.57 6.72 6.90 Temperature 10 20 30
50 altmospheric 3.5 6.84 — — — 300 K (27° C.) _ 728 6.28
ar 373 K (100° C.) 9.55 6.72 5.58
100 n}trogen 3.5 6.94 6.4 6.1 6.92 423 K (150° C.) 9.65 6.47 515
100 nitrogen 15 — 6.86 6.70 —
100 atmospheric 15 — 6.40 6.48 —
air
[0096]
[0087] As shown in Table 2 and FIG. 4, even in a case of TABLE 4
being bonded in an atmospheric air after being left for 15 — i
minutes after plasma treatment, a bonding similar to the Variation of die shear strength due to load (af)
bondlng. in nitrogen was pgsmble, and it was .conﬁrmefi that Load (kef)
a sufficiently good bonding could be carried out in an
atmospheric air. Further, as shown in Table 1 and FIG. 5, it Temperature 10 20 30
was confirmed Fhat a time of abouF 5 sgcc.)nds or more was 300 K (27° C.) 3151 5626 5084
enough as the time of the plasma irradiation. 373 K (100° C.) 3656 6595 6406
423 K (150° C.) 4626 6366 8406

[0088] Further, as the result of investigating the relation-
ship between the plasma irradiation and the depth of etching
on the surface of the Au plated bump as the surface to be
bonded, the depth was about 20 nm/min. in a case of a
plasma deposition electric power of 50 W, and the depth was
about 30 nm/min. in a case of a plasma deposition electric
power of 100 W. In any deposition electric power, as
described above, bonding in an atmospheric air was possible
by a time of the plasma irradiation of about 5 seconds or
more. Therefore, it was confirmed that 1.6 nm (=20 nmx[5
seconds/60 seconds]) or more was enough as the etching
depth for enabling the bonding in an atmospheric air.

[0089] Further, Tables 3 and 4 and FIGS. 6 and 7 show
the relationships between the bonding load per one bump
and the obtained connected resistance or die shear strength
using a bonding temperature as the parameter. The condi-
tions for the examination are as follows.

[0090]
[0091]
[0092]
[0093]

Bonding in an atmospheric air
Time for applying load: 1 second
Plasma deposition electric power: 100 W

Irradiating time: 30 seconds

[0097] 1t was confirmed that, even if the bonding load per
one bump was 50 gf or less, it was possible to obtain a
sufficiently practical connection state at a low resistance, the
die shear strength was enough, and it was possible to obtain
a sufficiently practical connection state even at a temperature
of 100° C. (373 K) or lower, or even at a temperature near
a room temperature (27° C., 300 K).

[0098] Further, Table 5 shows the relationship between the
bonding load per one bump and the surface roughness of the
bump after bonding. Because this surface roughness of the
bump after bonding is hard to be determined if actually
bonded, it is determined simulatively by applying a bonding
load without plasma irradiation and measuring the surface
roughness of the bump surface after being deformed by
pressing due to the bonding load. It is considered that a
bump surface roughness after bonding of 10 nm or less is
preferable in order to obtain a connection state at a suffi-
ciently low resistance. To achieve this, from Table 5, it is
understood that applying of a load of about 20 kgf is enough
and a lower load is possible, and this value corresponds to
a bonding load per one bump of 50 gf. Therefore, it is
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understood that it is possible to achieve the bump surface
roughness after bonding of 10 nm or less even by a bonding
load per one bump of 50 gf or less. Namely, it is possible
even by a bonding load of 300 MPa or less. However, in
order to achieve such a bump surface roughness of 10 nm or
less after pressing, a bump surface roughness before bond-
ing is preferably 100 nm or less.

TABLE 5

Variation of surface roughness of bump (nm)

Load (kgf)
Temperature 0 5 10 20 30
300 K (27° C.) — 137 82 6 5
373 K (100° C.) — 145 76 5 4

[0099] By the above-described examination, it was con-
firmed that, in the present invention, the bonding in an
atmospheric air was possible after plasma irradiation by
setting various conditions appropriately.

INDUSTRIAL APPLICATIONS OF THE
INVENTION

[0100] The bonding device and method according to the
present invention can be applied to any bonding of objects
to be bonded each having a metal bonding portion, and in
particular, the bonding device and method are suitable for
bonding in a case where at least one object is a semicon-
ductor.

1. A device for bonding objects to be bonded each having
a metal bonding portion on a surface of a substrate, com-
prising:

cleaning means for exposing the surfaces of the metal
bonding portions to a plasma having an energy enough
to etch the surfaces of the metal bonding portions at a
depth of 1.6 nm or more over the entire surfaces of the
metal bonding portions under a reduced pressure; and

bonding means for bonding the metal bonding portions of
said objects taken out of said cleaning means to each
other in an atmospheric air.

2. The bonding device according to claim 1, wherein said
bonding means has heating means and bonds the metal
bonding portions to each other at a temperature of 180° C.
or lower.

3. The bonding device according to claim 1, wherein the
surfaces of the metal bonding portions to be bonded to each
other are both formed from gold.

4. The bonding device according to claim 1, wherein said
cleaning means comprises an argon plasma irradiating
means.

5. The bonding device according to claim 1, wherein said
bonding means is means for making a dispersion of a gap
between the metal bonding portions at the time of bonding
to be 4 um or less at maximum.

6. The bonding device according to claim 1, wherein said
bonding means is means for making a surface roughness of
at least one metal bonding portion after bonding to be 10 nm
or less.
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7. The bonding device according to claim 1, wherein a
surface roughness of at least one metal bonding portion
before bonding is made to be 100 nm or less.

8. The bonding device according to claim 1, wherein said
bonding means is means for bonding the metal bonding
portions to each other at a bonding load of 300 MPa or less.

9. The bonding device according to claim 1, wherein a
surface hardness of the metal bonding portions is set at 100
or less in Vickers hardness Hv.

10. The bonding device according to claim 1, wherein said
bonding means is means capable of adjusting a parallelism
in a bonding area between substrates at the time of bonding
the metal bonding portions to each other at 4 um or less.

11. The bonding device according to claim 1, wherein at
least one metal bonding portion is formed by a plurality of
bumps.

12. The bonding device according to claim 11, wherein a
dispersion of bump height is 4 um or less.

13. A method for bonding objects to be bonded each
having a metal bonding portion on a surface of a substrate,
comprising the steps of:

exposing the surfaces of the metal bonding portions to a
plasma to etch the surfaces of the metal bonding
portions at a depth of 1.6 nm or more over the entire
surfaces of the metal bonding portions under a reduced
pressure; and

bonding the metal bonding portions after said plasma

treatment to each other in an atmospheric air.

14. The bonding method according to claim 13, wherein
the metal bonding portions are bonded to each other at a
temperature of 180° C. or lower.

15. The bonding method according to claim 13, wherein
the metal bonding portions, the surfaces of which are both
formed from gold, are bonded to each other.

16. The bonding method according to claim 13, wherein
an argon plasma treatment is carried out.

17. The bonding method according to claim 13, wherein
a dispersion of a gap between the metal bonding portions at
the time of bonding is made to be 4 um or less at maximum.

18. The bonding method according to claim 13, wherein
a surface roughness of at least one metal bonding portion
after bonding is made to be 10 nm or less.

19. The bonding method according to claim 13, wherein
a surface roughness of at least one metal bonding portion
before bonding is made to be 100 nm or less.

20. The bonding method according to claim 13, wherein
the metal bonding portions are bonded to each other at a
bonding load of 300 MPa or less.

21. The bonding method according to claim 13, wherein
a surface hardness of the metal bonding portions is set at 100
or less in Vickers hardness Hv.

22. The bonding method according to claim 13, wherein
a parallelism in a bonding area between substrates at the
time of bonding the metal bonding portions to each other is
adjusted at 4 um or less.

23. The bonding method according to claim 13, wherein
at least one metal bonding portion is formed by a plurality
of bumps.

24. The bonding method according to claim 23, wherein
a dispersion of bump height is 4 um or less.
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25. A bonded material of objects bonded to each other
each having a metal bonding portion on a surface of a
substrate, made by exposing the surfaces of the metal
bonding portions to a plasma to etch the surfaces of the
metal bonding portions at a depth of 1.6 nm or more over the
entire surfaces of the metal bonding portions under a
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reduced pressure, and after said plasma treatment, bonding
the metal bonding portions to each other in an atmospheric
air.

26. The bonded material according to claim 25, wherein
at least one object comprises a semiconductor.

#* #* #* #* #*



